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Here, we consider two types of  following the notation















Let us comment on the denition of chemical potential
used in the lattice calculations and ours. There will be
no dierence between the two denitions if we choose the
same u- and d-quark mass. In the NJL model calculations
we chose rather general denitions for the isoscalar and












to show the quark mass dependence by taking
dierent u- and d-quark masses.








are zero at =0. This is the same as the lattice QCD
calculation [3]. At nite chemical potential, the absolute
value of the quark condensate decreases with increasing
chemical potential and the variation is proportional to
the chemical potential in the present NJL model [8].


















for the u and d quark condensates at  = 0. Within
the present NJL model the second order response to the
isoscalar chemical potential 
S
is the same as that to
the isovector chemical potential 
V
. This is consistent
with the result in [3]. In fact, there are a few dierent
terms between the isoscalar and the isovector cases in the
lattice QCD simulations. However, it is found that the
contribution of those terms is negligible as shown in the
gure 3 of Ref.[3].
In the lattice calculations the same u- and d-quark
mass was taken [3]. In this paper, however, we would
like to show the quark mass dependence of the response in
the gure. Our main interest is to compare the responses
below and above the Mott temperature depending on the
quark mass. The present results may be useful for future




= 4 MeV and m
d










. Although the cut-o and the coupling constants
should be modied, we use the same coupling constants










MeV in this work), the response of the u (m
u
= 4 MeV)
quark condensate is larger than that of the d (m
d
= 7
MeV) quark condensate, while above the Mott tempera-
ture the behavior of the response is opposite (Here, T
m

is determined as a temperature at which the sum of the u







). This behavior results from the
quark mass dependence of the rst order response at -




= 0.02 and 0.04 GeV, respectively. That behavior
in Fig. 2 is not altered even in the Case I [7], where all
the couplings and the cut-o are independent of temper-
ature and chemical potential. For example, in the Case
I and at  = 0.02 GeV, the pion Mott temperature is
about 203 MeV and the extremum is located at around
186 MeV.













the extremum at the Mott temperature and the (absolute
value of) variation decreases with increasing the quark
mass. We nd similar behavior in the lattice data, al-
though hqqi is very small over T
c
in this case.
As we know, we can not detect a quark condensate
itself in experiments. However, variations of quark con-
densates, such as shown in Fig. 2, are necessary to pre-




in [8]. A more detailed analysis on the extremum
point and its eects on hadron masses is in progress.
In summary, we have calculated the rst and second
order responses of quark condensates to the chemical po-
tential within the NJL model and found that they are
consistent with those from the recent lattice QCD simu-
lations.
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mu=4 MeV, md=7 MeV






FIG. 2: The rst order responses of the u and d quark con-
densates at nite chemical potential, where m
u
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